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ABSTRACT N

-
;- This manual is intended as a guide to EMP Simulator
; : ;3 * ‘selection, Descriptions of EMP Simulators were collected
i T T trom a large number of documents and up-dated, Detailed
§ technical discussions of 16 operating simulators are given
E __° ____ along with cost and schedule information, Cost estimates
g for the construction of various types of simulators are alsc
§ provided. Tcchnical and financial information is summarized
E’ in table form for quick reference, A general discussion of
Ei" the EM criterion pulse and EMP simulation is included as an
E’ - .ald for evaluating simulator performance. =~ -~ -~ - - T S
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... ... PREFACE . ... = . I

The objectives of this study were twofold: first, to provide
- —ﬁa comprehensive, useful reference handbook on existing EMP simulators
""to which a test planner could refer t determine the feasibility of using
~ an existing simulator for his program; second, to provide approximate
e _but reasonable estimates of costs of developing a new simulator in order
"~ to determine if this would be more advantageous to a potential user of a
facility, The scope and depth of the work were limited by the short time
and funds available, Consequently, the treatment of existing simulators
is more complete than the discussions and the estimates of cost for new
..... ;simulators.

The chapter on existing simulators is thought to be complete;
however, the reader is given recommended sources of more detailed
information on the design, schedules, costs, etc. for these simulators.

1
The cost estimates associated with building a new simulator : %

are very general and approximate. They are based on past EG&G experience
with simulation development programs. They are not based on a detailed
design and costing of a particular simulator design. Secondly, the costs 3
of a particular simulator can vary dramatically (factors of 2 or more), ;‘;
depending upon the details of the design and the degree of sophistication ;
in the instrumenta‘ion and support systems required, The chapter on new i;
simulators was included as a guide for making trade-off decisions between ‘;
using an existing simulator or developing a new simulator, EG&G recommends ’
that once specific simulator design requirements are identified along with K
a specific test object, a detalled design study and costing analysis be
] performed to accurately determine the trade-offs involved.
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o, _ The data on existing simulators were obtained from available 13
4 reference books, reports, borchures, and discussions with personnel ¥
. involved in their construction and operation. The EMPRESS discussion ;
3 > 4
4 . o - g

- _was prepared by Mr. William C. Emberson of NOL.
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Chapter 2, EMP Testing Overview, is based on a draft prepaved
Edmund Pace of MRC,
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CHAPTER 1
OVERVIEW

1.1 . INTRODUCTION . - o CoL L

This manual was produced with two objectives in mind. First,
“it is intended to serve as a quick reference for CMP test planners who

-wish to Jetermine which of the many operational EMP simulators would

--be most appropriate for a particular test program. The discussions are
-geared mainly toward pulse testing of missiles and airplanes; however,

other objects as well.

, The matrix in the next section >f this chapter summarizes the
importani financial and electromagaetic characteristics of existing simulators
“in table form and lists the expected performances of the simulator for testing

“i.] Wi

' Diagrams and technical discussions of the various facilities,
"culled from a large number of documents, are presented in Chapter 3.

' Whenever available, information regarding rental costs and scheduling of

P it

‘the simulators is included.

Secondly, this document should serve as a guidc for test
planners who may, for reasons of economy or scheduling, desire to build
a new simulator, Chapter 4 provides, in table form, construction cost
estimates for a variety of simulators. Costs for both temporary and
permanent facilities are given, Chapter 4 also breaks down each type of
facility into its components and lists the cost of each component so that
a good cost estimate of any potential simulator, however simple or elaborate,
can be obtained, Cost estimates for bounded array and radiating CW systems
are provided. All construction cost estimates are based on EG&G's
broad experience in simulator construction. The cost estimates for new
simulators are summarized in the next section of this chapter.

L

1-1




Finally, much of the information contained in this compendium,
‘especially that regarding simulator rental costs and schedules, was
. _obtained from the facilities' sponsoring agencies and cannot be found in
any of the numerous EMP handbooks. The tables and discussions should
serve as an accurate and up-to-date guide for EMP test planning.
.12 SUMMARY
The information developed in detail in Chapters 3 and 4 is
summarized in table form in this section in order to provide a handy
" reference guide. Explanations of the data can be found in the following
chapters.
Table 1-1 summarizes the important technical and financial
The matrix is intended to be used as a quick

reference and as a guide for the selection of simulators for EMP test

details of existing simulators.

}programs. In most cases, the table should provide enough information to
- r-duce the selection of a simulator to two or three possibilities. More
detailed information can then be found inthe discussions of Chapter 3 and
in the references given at the end of each discussion.

The matrix examines the suitability of each simulator for testing

four different sizes of test objects:

1) a 3m missile

2) a 10m missile (Poseidon)

3) an A-§ sized airplane: 18.1m x 4.95m x 16.5m (wing span)

4) a C-130 sized airplane: 29.78m x 11.6m x 40.25m (wing span)

For some simulators, the test volume is too small to accon.modate the
larger test objects; accordingly, "UNUSABLE' is written in the column for
field uniformity, The only parameters that vary markedly with test object
size are field uniformity and peak field strength, For the radiating simu-

lators, these two parameters are closely related. For example, by

|
|
;
4
|
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. placing a large test object at a point far away from the radiator, lield o
uniformity over the volume of the object is generally improved--but at the
expense of reduced peak field levels. Similarly, for a small test object,
. “good field uniformity can often be obtained by placing the object close to

_the pulse source where high field levels are present. The optimum

_configuration must be based on the variation of field strength with distance

-~ “Agenerally 1/r for the radiating simulators) and the particrlar requirements R
_ _Qt the test plan.

Tables 1-2 through 1-5 summarize the estimated construction
- —filcosts for various types of simulators for each of the test vehicles considered,.
Costs are provided for both temporary and permanent facilities. These costs
-are given in more detail in Chapter 4, and the reader is encouraged to
Teview the detailed breakdown to determine if the summarized costs

actually estimate his particular need or situation, The temporary

~_ .facility costs are based on a six month test period with minimal instru-

CT %entation. The permanent facility costs are based on purchased instru-
‘mentation and a five-year life span, '




dl!

=..

A4 ,_: _

:.,Tuw..
_ i W,._ i 3
. Vi __.. _ .
A _
A0 Juygepey
. aiqelrod
0e 116 ‘dway pazixerod
st SIUoON € 801 ] L 9¢ 9 i 4 fmeonion
. o ppE) aaoge 10j LORAO MO
! - -
. asIng
n . Barreped
r - - - - - - - - - ‘dwmal, [9AS7] M0
! - - . . .  I1avor1ddv LON - - - - S pazireiod
. Aremoz1I0H
| or S 82 9 {uo ppe) eacqe 10) UORAO MD
. , asind
4 o Suyrerpey ),
[ st syuol 812 ) 14 8g I 8¢ 82 Ls o1 “dwal [oAa] moT
- - ¢ - - - d71aVIITdav LON - - - - ‘wiag pazireiod
, _ A[TednasA
A 5} SO m 002 N 12 6¢ 0s 15 14 21 ‘dwaL »«HM
- - - 2y - J79VIr1ddy ; - - - - ‘wmaad papu
| . D LON paziaeiod
Aredna9aA
' - - - - - m - - - - ‘dwag, feaay
| - - - - - J1GVIOITddV LON: - - - - ‘wrag papunog
: pozReIod
ArenozyIog
YROW/¥0) 3PS 61800 c/0 % Jjud 3 uUoHRUIWINNSY]  JOJelaulD aurl adblg uoperedoxg doenunyg
N Sz, , &0 wopesdow] ufysaq g uoysETsUeL], us
. ) (spursnoyL, uy 8380)
; L , _).-.%-E.ﬁ ﬁ£ _hﬁﬂouh uﬁﬂ:«m mﬁn_ﬁ_ _ ﬂ S1IBSTN J919W YL Z-T 3IqEl,
o £ | ; ,_,« ! ;! "t ,
| o o “ o
. i i . Co
! wo ,
1 “
kS m
e _ a i \.,>

Al




iﬁ?j.aqﬂu LT Vo D B
A I NP

’ [ - &
I M) Juneped
alqe)zod
$T suow § 801 9 L 9¢ 9 £e 02 o1 duaL pozlxelod
AnreonaaA
{uo ppe) asoge xof uoHido MO
N _
(. IsInd
, , Suyzpey
- - - - - 47dVvOlr1ddv LON - - - - -dwal 12497 A0
- - - - - - - - - ‘waad pazireiod
AIIE0ZLIOH
oy S 6z 9 {uo ppe) asoqe 10) uoldo MO
asing
: Sutyerped
1~} SUo ¢ 126 81 it £9 1141 0% 202 Ly dwaf 13497 40
- - - - - mdﬂ<uﬂa4< JON - - - - Twaag pazireiod
o AQjeonasa
4 suow § os¥y 14 00l 144 0st 001 24 4| ‘dwar Leary
st suow 11 £6¢1 s& 0se 002 002 GET 09¢ gLl ‘wxad papunog
: , ‘ pazirelod
£reonaap
[
- - - - - , - - - - “dua, feaxy
- - B - - 479VIITddV LON - . - - ‘wag papunog
. pazurejod
A((BUOZIIOH
YMOW/185003  INPIYOSs  SI80D o/ JUBN B uongyuawnI)Su]  I0JeJauan aury sdpig uoneredsag J0ye[nuis
1, ¢ ,0) 1 {eiol, uoneadauj Udsaqg as|nd UOISSTWSUEL], EN
i Ipuesnoy], uy $180))
N ,TEWNG 3S0D A)]10E JOJTIMWLS PAEWNST IISSTN 29 UL -1 3198l
i _, . ot i [
wf o -
_m o -
i Ly -

1-6

LTI e




e

et s e

fe e Amt L

,ﬂﬁi.a_;_._ﬁ_z.a@,_Ei,...,,_:_%%s_1%3_”.%ﬁ.i:,_;:,A.,:.
i R :

MO AmEpey
alqelrod
> 4 suowr ¢ 851 9 L 9¢ 9 £2 (114 or ‘das L pazirerod
A((eInIA
oF < 62 [ o ppe) aaoqe Jof uondo MI
astnd
Aunepey
oE suow ¢ 444 8T 44 85 ott 09 4] 44 *dway 1943 ] A0
- - - -  d79VIriddy LON - - - - ‘wLag pazire[od
ATreoz1I0H
oF S - 6¢ 9 {uo ppe) 2aoqe 10§ uotlo AD
asmg
Sugepry
£ suom Zz  6¥2 81 92 8s . 08 82 L5 o1 ‘dway 194977 407
- - - - &1gVIorld4av LON- - - - - ‘wIag pazyrejod
o A[reonJaoA
% suow §  80F 02 Ly 44 112 L LE gr ‘dwag (wg) feazy
- - - ;- dI8VYIIIddy LON - - - - ‘mIag popunog
pazireiod
’ AITeonIaA
£2 suow § Gk 0z 0s 44 022 S¥ ¥s zr daray, Lexay
18 suow 71 €4Sk 44 00¢ 002 0Le orl e 861 ‘uLdg papunog
_ pazurejod
ApewoziIoH
GRION/1BCD  INPAPS  8I80D 0/0 7 (WEIN 7 UOPRUIWNIISU]  JI0JBIBUID auy] 831 uoperedaid J0yeInmIS
N0 feiol uopesdam) ulpaq asIng uolssjmsue L], (s
{spresnoyy, Ut 83900)
: mn«ﬁﬂ. 4—-% 180D vej_u_ﬂﬂ) 1sq ANToeS gaaﬁﬂ 8L dNI aueldaly 9=V ¥-1 9qelL
(I Co o ,
" , | ' : ,.;m,w_ |
% ST aEE
_ f _, R
I
]
-1
|
» L _ * [




IRV TR TWPERr gy 1 7T T T ._i...._;___._agé LR Sl SRRl e O T
E_mm : ol , . I ﬁ Ty . [ . .
s i i _
; _
_
| o
N ) |
: o _
i o |
W ! _
m 3, H _
| o _
| o i
| o, | B
! I -
| |
!
_ MO Junerpey
a[qeyI0g
| 0ot suowr ¢ 01 9 L 9¢ 9 £2 114 ol ‘dwa], pazile|od
m ArEdnTap
| 9¥ 3 62 el (U ppe) aA0qe 10§ UORAO MD
i —
w asing
H duyepey
| 114 suow ¢ (44 J - }4 (44 8s ort 09 (4] 4 ‘dwag [9Aa7 mo]
| - - - - - - - - “wJaad pazire[od
i AlTeuoz1Ioy
m I8t < 06 9¢ (uo ppe) aaoge 10§ ucldo M)
_ asing
Auymipey
€ sUow ¢ ies 81 £ €9 (114 ng 202 Ly ‘dwa], 19A3] A0
- - - - 379dvOITddV LON- - - - ‘warad pazixejod
M Al[ednaaA
i - - - - 4794vOITddV LON- - - - ‘dwal fexry
(174 BUow §]  S90¢ ol G62 002 0s¢ S¥l 099 56¢ "wasg papunog
pazirelod
. I LRI R ET Y
.. - - - - d1dvO1T1ddV LON- - - - ‘dwial fexay
, o suom g1 00OF o1 pA 4 gse 1114 4 ove S8L oS ‘wIag papunog
w pazirejoq
| AlTe]OZIINY
WNOW,/S0D  FHNPIYIS  SIS0D o/0n W3 3  UOHBRJUAWNIISUf  JOJEIIUID Ul sdpig uoneredaly Jcjernug
is _Bo.r voneadap]  udsag asing UOISSHUSURL], s

Y
_:

!
_
_
m
|
i
|

B Bt

(spuesnoy], ut s350))

?ﬂSEsm 150D voH«E:um &y1oeg Jojernwis 3S3L dNI ura_a.:c 0s1-0 §-1 dlqelL

1-8

s et




- - - — e e e e e e v gpateTre o Er wEg P il -t =

CHAPTER 2 R
" EMP TESTING OVERVIEW =~ I

L2 INTRODUCTION e
Sl Before considering detailed descriptions of EMP simulators, T

it is necessary to place the use of these simulators in perspective. The

‘simulator is but one of several important tools used in an EMP assessment -
E T ofa weapon system. Other tools include detailed pre~-test analyses,
assessment plans, measurement systems, data reduction and analysis, and
nost-test evaluation. Each of these are an important part of an assessment
program, and if any one of them is slighted, the resulting assessment

conclusions are placed in jeopardy. N

The main goal in an assessment program is to test with
an EM pulse that resembles the nuclear generated EMP. This criterion
pulse is also used to obtain the input electric (and magnetic) fields for
theoretical analyses of the weapon system. It is also the central design
specification for the EMP simulator, and it is a critical input for the design
of the experiment. At each step in an analysis or an experiment, it is important
to relate the results to the nuclear generated EMP; as soon as this '
capabllity is lost, the value of all succeeding work is open to serious question.

: The analysts use the criterion pulse as an input and theoretically !
calculate how the system will respond to the pulse. These calculations
predict systems response and are used to determine critical points within
;- a system, and are also used to design experiments.




[L U

- theoretical predictions; the experiment is designed so that it can be

;in predictions and measurements. When these differences can be

Experiment design begins with the criterion pulse and

related to the threat pulse and to the theoretical predictions. The
analyst and the experimentalist woxk together in resolving differences

explained and are within acceptable limits, the experiment will probably
yield meaningful data for later evaluation.

" “The final step in an assessment program is the post-test
evaluation of all data. This post-test evaluation considers all

analytical results, all experimental data, the measurement system used,
the data reduction system, and previous assessments of similar systems.
It carefully considers these data and determines the probability of system

fallure when exposed to the criterion EMP. Confidence limits are placed

upon the probability estimates and depend upon the quality of thz inputs
to the evaluators.

2.2 EMP CHARACTERISTICS

1t is desirable to simulate as nearly as possible the criterion
pulse from an actual nuclear detonation. Conversely, it is also desirable to
spend as little time and money as necessary toc accomplish the task. To find

" S

the compromise point between these two conflicting goals, it must be determincd

what features of the criterion pulse are necessary in the simulation and
what features are merely desirable.

A high-altitude nuclear burst produces a pulse of electro-
magnetic energy whose waveform, as viewed by a distant observer, is
similar to that shown in Figure 2.1,

v ol AL ¢ e ;1MMMMMMMwWEMM kil




NI aEr opv

-

"

3k pts,
,JM TIRTEIT RN 4 gy

/\\
-~ \
& \
b \
S .
ot
2 ™
B f N
o | T
2 -
O b _
2
=
) ) =
: Time . oo
FIGURE 2.1. Representative Waveform for Nuclear EMP
The pulse is characterized by several parameters. These
are;

a) risetime, which is of the order of nanoseconds and which

determines the high-frequency components present in the pulse,

b)  peak field strength, which is measured in kV/m,

s nrdde sl 20T ol

¢) decay time, which is of the order of hundreds of nanoseconds,

d) a parameter designated the very low frequency (VLF)
content, which is related to the area under the curve of E versus t, or

imegral of E with respect to time, and
3

e) field uniformity; the high altitude EMP fields are

essentially planar and very uniform over the dimensions of an airplime
or missile.

1f the Fourier transform of the pulse shown in Figure 2.1 is
generated, a frequency domain plot similar to Figure 2, 2 is obtained.

The low frequency content of the pulse is a quantity of great
uncertainty because the late time behavior of the EMP is not (yef) well

2-3
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Figure 2.2, Representative Spectral Density for Nuclear EMP

understood. Because the nuclear burst producing cthe high-alti’:.de EMP
is distant from the obseiver, the wavefront of the electromagnetic wave
is planar to a high degree.

The precise details regarding nuclear EMP are classified

and may be found in the "Electromagnetic Pulse Environment Handbook''*,
The quality of the simulation discussed in the following summary should be
measured with reference to this handbook or a similar document,

The criterion pulse is a worst case estimate of what the actual
pulse from a real device will look like. It is usually an envelope that is a
composite of actual measurements and extensive theoretical studies. The

*Schlegel, Radasky, and Messier, Electromagnetic Pulse Environment
Handbook, January 1972, AFWL-EMP Phen. 1.1, ATWL, KATB, \M
(SRD).

. .
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EMP Handbook, Volume III, "Environments and Applications, !' DNA '
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criterion pulse has the following characteristics: it is a plane wave, i.e,, ;
it has a flat or plane wavefront, the electric and magnetic fields are B

perpendicular to each other and to the direction of propagation, and the
ratio of E/H is 377 ohms, '

. The criterion pulse rises quickly in a few nanoseconds to its ol
- peak field strength, then decays exponentially. The amplitude spectrum
of such a pulse is essentially flat in the low and mid frequencies and rolls
——-———off at high frequencies, The direction of the E vector in the criterion S
pulse is calle: ts polarization. The polarization can be in any direction,

siduil ki

2.3 SIMULATION OF EMP
In choosing or designing a simulator for EMP testing, several
parameters of the simulated pulse must be considered in regard to the

experiment's threat relatibility . The most 1mport_a_.n_t of ﬂ1es¢_e parameters
are disc_ussed in the following paragraphs,

il

v ;
sadlag s
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2.3.1 Field Polarization 7
In order to conduct a complete EMP test, fields that are polarized

in all three principal directions must be produced. Of course, if fields

can be produced in one horizontal polarization, a rotation of the simulator

or test object will produce the other horizontal polarization. In general, 1
a horizontally polarized field and a vertically polarized field are sufficient ’

. — - o

to simulate all possible polarizations.

2.3.2 Field Planarity 1
The wave will seem plane or flat to the test object if the i
radius of the curvature is two to three times the longest dimension of

the test obiect. As stated above, one must be able to produce both a
vertical and horizontal polarization. The E/H ratic should be as close to
377 ohms as possible, since there may be synergistic effects, that is,

2-5




the combination of the two may produce effects which are greater than the
sum of either field acting alone. The E/H ratio has not been found too
~ difficult to achieve. ) S o '

2.3.3 Field Strength
High field strength is costly and time-consuming to produce.
™""It is possible to measure effects at low field strengths and then extrapolate
to the criterion pulse field strengths. This is necessarily a linear
. ;technique and neglects any non-linear effects which might prove important.

To interpret the extrapolated results, the damage thresholds for various
components must be known.

2.3.4 Pulseshape-Frequency Content

It is not necessary to simulate exactly the criterion pulse

shape or spectrum since by data handiing techniques (fransfer functions), oo 3
‘one can find the response to the criterion pulse shape after measurement C
of the response to the simulated pulse. A transfer function is the ratio of

the spectrum of the measured output to the spectrum of the simulator

output, M ltiplying the transfer function by the spectrum of the criterion

pulse gives  the spectrum of the criterion output. However, the data

| gathering an ! handling procedures put some restrictions on the spectrum
' of the simula ed pulse. The phase spectrum is relatively unimportant so
long as it is 1 >asonably smooth. This is because almost all physical
things respond best to a narrow range of frequencies where the absolute
phase is not important and only phase differences can make second order

effects. For the amplitude spectrum, however, one must consider the

signal to noise ratio of the data gathering and handling procedures. If -
some part of the simulated spectrum is down by a factor of five or ten
i from the eriterion spectrum, and if the signal to noise ratio is only five
, or ten to one, then all information from that depressed portion of the
spectrum will be lost. Also, spikes or jagged amplitude spectra are

B B i adebl)
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difficult to digitize and further depress the signal to noise ratio. Therefore,

ol il it

E; t <. ... .. ...=a reasonably smooth amplitude spectrum that differs no more than a factor I
! E _of five or ten from the criterion pulse over the frequencies of interest is B
|
P - “needed. Translating these spectral requirements into the time domain §
- . == ﬁ‘

results in a short rise time, a long crossover time, and a small undershoot, __ .. .

F " 2.8.58 Field Un'Jormity
Lo Field uniformity is usually associated with the planarity or flat-

N Sl

The field uniformity is determined by the simulator characteristics and
:by the size of the test object. In general, it is desirable that field strengths
vary by no more than 20% over the area covered by the test obiect. '

o
(1]
7]
[¢/]
(=}
Iy
(4]
&
<
(4]
wn
g
Q
(e
&
(o)
=]
o0
ot
[=}
[
w
[+ o]
[0}
=
[1]
lx]
&
=
B
=
(]
]
8
g
o
Lo ]
)
5
3
L]
—
[=]
=
1

7 Although the discussion above has dealt with only single .
“-pulse simulators, there are other types of simulation methods. One of .
these is CW, continuous wave, where the simulator is excited at a single

frequency, the output measured for that frequency, then the simulator
_E ) is excited at another frequency, etc., until the entire spectrum is obtained.
Another technique is RPG, repetitive pulse generation, where the
simulator is fired many times in succession. This is useful when combined
with appropriate data recording techniques for improving signal to B
noise ratio. One difficulty with RPG may be that the repetitive output |
from the simulator interferes with necessary communications.

™ T Y e T TR YT
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2.4 GENERAL SIMULATOR TYPES

Realistic simulation of nuclear EMP requires the use of
high-voltage pulse generators (pulsers) and large antenna systems.
Typically, pulsers producing high-voltages in the megavolt range are
used to drive anutennas with lengths of approximately a hundred meters.

Different antenna geometries and modes of operation have been constructed
for testing at various installations.

b ua U g L
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. the airplane to the simulator. This establishes height restrictions, and it
_ also establishes a criterion of non-interference with FAA electronic equipment,

--—-airplane configurations. It is easy to simulate the circumstances under

- ~huge reflector and ground plane (the earth).

2.5 SIMULATORS FCR AIRPLANES
Airplanes present special problems in FMP simulation, some -5 -— - = =

of which are fairly difficult to overcome. One problem is that simulators

for airplanes must be near an airport; otherwise, it is impossible to get

Another problem with testing airplanes is the nature of

which parked airplanes see EMP, but it is not at all easy to properly
simulate the in-flight configuration. Yet, the most important case is EMP
on the airplane in flight. While an airplane is in flight, it is far removed
from any reflectors or electrical grounds, but when parked, it is sitting on a

“Several types of simulators are potentially important for
testing airplanes. Each of these is briefly described in the iollowing
paragraphs.

2.5.1 Vertical Dipole

The term "vertical" means that the antenra radiates a vertically
polarized electric field. A vertically polarized FMP simulator most
probably would consist of (1) an extended ground plane of the surface of
the earth, (2) a high voltage pulser placed in the center of the ground
plane, (3) a conic transition section between the pulser and the antenna,
and (4) a cylindrical, impedance loaded antenna.

The major limitation of a vertical dipole is the vertical
polarization of the pulse. The primary threat against airplanes in flight ‘ .’
is an EM pulse with the majority of its energy polarized horizontally, !
and the normal airplane configuration will couple more efficiently to a ’
horizontal pulse than to a vertical pulse. These two factors combine to

2-8
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cause the horizontal pulse components to be much more important to air-

“plane testing than the vertical components. Nevertheless, a complete

airplane test program should include both vertical and horizontal pulses,
and the vertical dipole can be an important tool for part of the test program,

2.5.2 Horizontal Dipole

The first EMP simulator built was a horizontal dipole, the Sandia

-~ Long-Wire Facility. Horizontal dipoles are built by placing a pulser near

the tops of telephone poles and using an antenna that is parallel to the ground
and also supported by telephone poles. The antenna is horizontal and the

simulator produces an electric field which is horizontal to the earth's surface.

One of the main draw-backs of a horizontal dipole is caused by
the conducting ground surface. The E-field is launched parallel to the
surface of the earth, but cannot be sustained horizontally near the earth's
surface. High frequencies are reflected back and tend to cancel the incoming
wave, while lower frequencies are absorbed. The resulting fields are
complex and are quite dependent on position and height above the ground,
but, in general, can be represented by a square wave whose width is only 20
nanoseconds. There is a longer lasting tail, but it is down by a factor of 5
to 10 from the peak value of the square wave.

The pulse shape tends to limit the quality of EMP simulation
when testing an airplane with a horizontal dipole, but the limitation may not
be as serious as one might initially suspect. The pulse obviously does not
have as much low frequency content as the criterion pulse, but for many of
the principle modes of energy penetration into airplanes this low frequency
content may not be important. An airplane/simulator analysis must be
performed before the value of testing an airplane with 2 horizontal dipole can
be evaluated with confidence,

2-9
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The fuselage of an airplane can sometimes be excited during
inflight tests using a horizontal dipole if the proper airborne orientation

is chosen.

2.5.3 Vertically Polarized Parallel Plate Simulator R

At least three of these simulators are presently in use within
DoD, the HEMPS at Fort Huachuca, as well as the ARES and ALECS at
Kiriland Air Force Base. Since the energy is contained within the simulator,
much higher field levels are possible in the test volume, The system is
basically a transmission line, and can be used to develop a pulse that is
quite similar to the criterion pulse,

The main limitation of a vertically polarized parallel plate
simulator for testing airplanes is the polarization of the pulse, it is
vertically polarized, while the main threats to airplanes (as previously
mentioned) are the horizontal components of the criteria pulse. The

only way this system can be used to couple horizontal pulses onto an
airplane is to tilt the airplane in the simulator. Platforms for ‘uiting

ctaad toiii S ek

airplanes are complicated and can be quite expensive to bui!:.

2,5, 4 Horizontally Polarized Parallel Plate Simulator

[V P YR

So far as is known, no such simulator presently exists, but one ’ %
configuration of the Air Force TRESTLE facility, which is under development
at Kirtland Air Force Base, is a horizontally polarized parallel plate
simulator. This is considered to be an optimum simulator for testing ’ i
airplanes; it couples in the important horizontal components of the pulse;
it delivers a threat-level pulse that can easily be related to the criterion ) ,
pulse, and it removes the airplane from the surface of the earth,

2-10
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The TRESTLE facility is being built for testing such airplanes
as the Advanced Airborne Command Post (747), the B-1, and the

B-52, which makes the facility quite large and expensive. One could,

however, use the TRESTLE design criteria and scale the size of the facility
" down to smaller dimensions.

2-11

Brbts! § Ceibutauie S5 2, Sl e IR

latan b ok B sl e S




e

1) T

T,

ey

- USSR . e en SO et e i . R AT TR

CHAPTER 3
EXISTING SIMULATOR DESIGNS

3.1 GENERAL

In this chapter, several EMP simulators which already exist
or which are presently on the drawing boards will be reviewed briefly.
Later matrices summarizing and comparing the characteristics of the
simulators will be presented. For the purposes of this study, four different
test objects have been assumed to cover the range of test object dimensions
which might be encountered in Navy EMP test programs. The assumed
test objects are:

° A 3 meter long missile
) A 10 meter size missile
° An A-6 airplane
® A C-130 airplane
3.2 BOUNDED WAVE, TRANSMISSION LINE SIMULATOR

’D

This class of simulator is probably the most commaon and
most thoroughly analyzed of the various types of EMP simulators. In this
type simulator an EM wave is launched into the volume between two

conducting plates or grids of wires.
3.2.1 ARES

The Advanced Research EMP Simulation (ARES) Facility,
sponsored by the Defense Nuclear Agency (DNA), was constructed by
EG&G on KAFB under the auspices of the Air Force Weapons Laboratory

3-1




e e o e g it

. during 1969. A high-altimde EMP environment is simulated for testing the
vulnerability of defense missile systems. Minuteman, Sprint and Poseidon
missiles have been tested in the facility.

3.2.1.1  System Description

Figure 3.1 is a pictorial view of the ARES Simulator.

Figure 3.1 Photograph of ARES Facility ‘ 3
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Figure 3.2 is a simplified drawing of the ARES which shows
some of the major dimensions. The simulator is composed of three
major components: 1) the transmission line, 2) the high-voltage pulser,
and 3) the terminator. Ancillary equipment includes the RF-shielded
instrumentation room and the various EMP sensors, probes, telementry
systems, and data recording devices.
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Figure 3.2 ARES Transmission-Line Geometry
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The Transmission Line

The heart of the simulator is a 40 x 33 x 40 meter volume,
bounded on top and bottom by the parallel plates of the transmission
line, in which test objects are placed. This reg’on, known as the
"working volume", lies between two gradually-converging transmission-
line segments (with the same cross~section shape as the working volume)
known as the input and output conic sections (see Figure 3.2). The total
length of the structure, as measured between the apexes of the conic
sections, is 189 m. The plate separation in the working volume is 40 m,

The upper conductor, or top plate of the transmission line,
consists of 75 equally spaced wires. The wires converge radially to the
apexes in the conic sections, but they are paralliel in the working volume.
The bottom plate of the transmission line is formed of square-mesh
material in the input conic section and the work.ing volume.

A manway runs below the centerline of the input conic section.
Access ports are spaced every 10 meters along the manway (Figure 3.3).
These ports are 0.71 m in diameter and include circular steel plates that

can be removed and be replaced by field sensors or by signal-cable

feed~through plates. A total of 28 access ports are provided above manways

constructed below the working volume,

3-4
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Figure 3.3 Access Port Layout (Plan View)

The Pulser

The high-voltage pulse generator for the ARES facility was
constructed by the Ion Physics Corporation (IPC)., The pulse generator
(Figure 3.4) is basically a low-impedance coaxial gas~line which may be
charged to peak amplitude by a Van de Graaff generator and discharged
directly into the transmission line load. The generator charges a coaxial
structure formed by a cylindrical pressure-vessei wall and a inner-
cylindrical surface, which is coupled directly to the Van de Graaff
generator. A mixture of sulfur hexafluoride (SFG) and nitrogen, at 300 psig,'
is used as the dielectric medium within the pressure vessel. The
effective radii of the inner and outer conductors of the energy store are
2.6 and 3.4 meters, respectively, thereby yielding a characteristic

3-5
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impedance of 15 ohms. The nominal length of the coaxial line is 8.5 meters;
hence, the total capacitance is approximately 1.8 x 10™° f and the total
energy store (at 3.7 MV) is 16,280J.

Van de Orn!l
Generator

/- Quiput Rushing

Trigrer Electrodes

Figure 3.4 ARES High Voltage Pulser
’

An output switch consisting of six (6) electronically triggered
channels initiates breakdown of the gap between the charged terminal
assembly and the output bushing. There is also a standby switch that is
triggered mechanically. The gap width is adjustable from 3.5 to 15 inches
by means of an external gap control mechanism. Pulse amplitudes from
500 kV to 3.7 MV are attainable with risetimes of, at best, 6 ns, but more
usually 8-9 ns.
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The pulse then travels through an oil-filled coaxial line.
An energy diverter is included just ahead of the line to vary the
fall-time of the pulse from 100 to 500 ns. (The diverter is not normally
used.) The decay of the pulse is approximately exponential. A second
gap, known as the peaking gap may be used to further decrease the
pulse risetimes. The spacing of the second gap is variable, but it is
normally closed completely.

Transition Section

Next, the pulse enters a transition region known as the oil
box where the transmission line is changed to a diverging-stripline
geometry. The oil fill in this region is necessary to support the pulse
amplitudes without voltage breakdowns between electrodes.

At the output of the oil box, the pulse passes through a
vertical interface and into a gas-insulated region known as the gas box.
This region is also required to prevent voltage breakdown and is designed
for operation, with SF6 or Freon gas, at one atmosphere pressure. Tiie
upper and lower conductors are solid plates in this region. A paraliel-
plate capacitor type of voltage monitor and a magnetic field sensor are
located on the ground plane. The output of the gas box connects to the

itransmission line.

The impedance seen by the pulse as it leaves the coaxial
energy store and propagates to the open transmission line is a complicated
function of position. The impedance rises from 15 ohms at the coaxial
store to about 125 ohms at the antenna. The varying impedance causes
irregularities on the decaying portion of the output pulse.
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Termination

The termination is so constructed as to result in trans-
mission line parameters that vary exponentially. The fluid used in the
termination is a solution of copper sulfate in water.

3.2,1,1 Support Facilities and Instirumentation

Support facilities include the Data Acquisition and Cali-
bration Complex (DACC), the associated instrumentation, security and
safety facilities, and general maintenance and support facilities.

The DACC complex, located under the conic section on the
input side of the working volume, houses the shield room and work areas
for the facility. The roof of this structure constitutes the floor of the
conic section above. An 18-foot wide second level (mezzanine) extends
along the back wall (opposite the working volume). All mechanical
equipment (air conditioning, heating, etc.) is housed on this mezzanine.

A buildup room and an instrument calibration room are
provided in the DACC. Data recording equipment is housed in a doubly
shielded room which provides an attenuation of 120 dB from 1 MHz to 10 GHz. ;

The pulser charge level is continuously monitored by a digital
voltmeter. Mechanical counters record the number of pulser discharges. ]
Diagnostic instrumentation is installed at the facility for monitoring the
output of the pulse generator. Instrumentation racks in the shield room
house 28 oscilloscope/camera units for displaying and recording the o
microwave and hardwire output waveforms. Data may be from working 3
volume sensors, environmental detectors, or the microwave receivers. ‘

e ol

3-8

PRV NI




B R T i A o —— T

The microwave telemetry system consists of two trans-
mitter /receivers (ccnnected by dielectric waveguide), four channels and
six channels respectively, thus providing a three-way packaging
capability, namely four, six and ten channels. Signal sensitivity is
200 microvolts into 50 ohms at the input. The system has a 40 dB dynamic
range over a bandwidth from 10 kHz to 110 MHz. The system can transmit
bipolar pulses and/or continuous sine wave signals as required by an EMP test.
The transmitter on/off and operate/calibrate functions are controlled
pneumatically to preserve the RF tight integrity of the transmitter box.

3.2.1.2 Electromagnetic Characteristics

The electromagnetic characteristics of a bounded-wave
vertically polarized simulator such as ARES are well understood. The
geometry of the transmission line determines its impedance. ¥For the
ARES geometry, the height to width ratio ié'equal to 1.0; however, the
ground is effectively an infinitely wide conducting plane so the equivalent
height to width ratio for a two-plate stripline in free space is 2.0. This
implies an impedance of approximately 127 ohms.

The electric field in the ARES facility is vertically-polarized.

The low-frequency field distribution for the ARES geometry is shown in

Figure 3, 5. The crosshair symbols overiaid on the plot denote points al which
B-field measurements were made during the evaluation of the facility. |
The plot is valid for any position along the axis of the simulator (i.e., for ‘]
any value of x) since the geometry is such that the imp edance remains ‘
constant. The propagating wave is almost exclusively the TEM mode;
hence, the ratio of electric field E, to magnetic field B, is fixed at the

speed of light, ¢ = 3 x 108 m/s, equivalently, E/H = 377 ohms. The plot




in Figure 3.5 gives the local E-field direction (lines approximately perpendicular
to plates) and local B-field direction lines parallel to plates). The

line density near a point is proportional to the field intensity at the point.
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Figure 3.5

Field Distribution Plot for Transmission Line with Infinite-Width
Lower Plate and Top Plate with Width Equal to Plate Separation
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For any given charge voltage of the pulser, the risetime and
peak amplitude of the outwut pulse vary with the pulser's main gap spacing.




~ (and therefore, the gap inductance); peak amplitudes are maximized also

| voltages are limited to about 3.7 MV. At this voltage, one can expect

_of risetimes on the order of 8 ns.

s gy
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Pulse risetimes are minimized by reducing the gap spacing

by reducing the gap spacing.

In order to prevent damage to the generator, charging

peak working volume field amplitudes of 92.5 kV/m and a large proportion

The amplitude of the signal reflected from the terminator is
somewhat dependent upon the measurement point. Measurements at
port 7 showed a reflected B-field arriving 810 ns after the incident pulse
with an amplitude of 18% of the incident pulse and opposite in polarity.
The reflected E-field, arriving at port 8 760 ns after the incident pulse
and with the same polarity, had an amplitude equal to 10% of the incident
pulse. Smaller reflected signals from the transmission lines input arrived
at port 8 after about 1470 ns, The field amplitudes resulting from the
reflections at both ends of the array decay to zero in roughly 3.4 us.

o mlm‘r. c 1o brskiumbidiel ﬂw o ik o

An example of the B-field pulse measured at the leading edge
of the working volume is shown in Figure 3.6. The pulse voltage of
+2.5 MV yielded a peak E-field of about 62 kKV/m, as expected. The
irequency transform ior this pulse is shown in Figure 3.7. Note the
significant notch at a frequency of ~ 17 MHz which corresponds to the
resonance frequency of the gas chargeline pulser.
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Figure 3.7 Frequency Transform of ARES Pulse
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3.2.1.3 Administrative Data

The ARES facility is operated by the Defense Nuclear Agency
(DNA). The DNA Project Officer is M1. John Tax l)f‘l‘ who can be reached
by telephone at 703-325-70617. ARTEI

In March 1974, the Air Force Weapons Laborai:ory (AFWL)
is scheduled to begin a six (6) month test of the FB-111 airplane.
- Later in 1974, modifications of the' ARES will be made for the simulation
of a dispersed pulse as would be incident on a satellite. Satellite
testing is being considered for 1975-76.

Rental costs for the ARES facility range from 2 to 2.5 thousand
dollars per day of operation. The fee is based on a single shift, 5 day '
per week facility operation with the support of DNA's !}RES technical agxd
data acquisition staff. More information regarding facility schedules or
rental costs can be obtained from the DNA Project Officer.

3.2.1.4 Reference Information

More detailed information concerning the design and operation
of the ARES facility can be obtained from the following sources:

° "Electromagnetic Pulse System - Van de Graaff
Generator Design'', AFWL-TR~69-15, September 1969.

® "ARES Low=-Voltage Evaluation", AFWL-TR-~71-10,
April 1972.

) "ARES High-Voltage Evaluation'', AFWL-TR-71-9,
April 1972,
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® ARES Facility Brochure (available from DNA)

® "EMP Slmulation Facilities for Aeronautical
Systems EMP Program', June 1972 (available fro
AFWL). '
' "Electromagnetic Pulse Handbook For Missiles

and Aircraft in Flight", SC-M-710346, September
1971, Sandia Laboratories.

3.2.2 ALECS

The ALECS facility provides a controlled high-voltage
generation system for simulation of EMP environments. This facility
was constructed on KAFB for the AFWL. The ALECS facility was the
forerunner of the ARES facility . In most technical aspects and general
layout it is identical to the ARES facility. The Polaris, Poseidon, and
Minuteman missiles are among the strategic systems which have been
tested in the facility.

3.2.2.1 System Description

A photograph of the facility with a Minuteman Missile
undergoing testing is shown in Figure 3.8. An annotated sketch showing
the basic facility components is shown in Figure 3.9.

The basic simulator is composed of three major components;

1) the transmission line, 2) the high-voltage pulser, and 3) the termination,

Anciilary equipment includes the RF -shielded instrumentation room and
the various ancillary systems and devices.
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Figure 3.8 Photograph of ALECS Facility

The Transmission Line

The heart of the simulator is a2 26.9 x 15,24 x 12.75 meter
high working volume, bounded on the top and bottom by parallel plates of
the transmission line. Figure 3.9 shows the working volume and the tapered
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SOURCE GENEHATOR
TOP PLATE BUILDING

TERMINATION 7
INPUT
TRANSITION

GROUND PLANE

‘QUTPUT TRANSITION
ACCESS RAMP

Figure 3.9 ALECS Structure

transition sections. The upper conductor, or top plate of the transmission
line, consists of equally spaced wires running from the launch structure

eriniiiari Aalav wewmprprve b

to the termination structure, The support structure, which supports the top
plate wires, lifts them to 12,75 meters above the ground plane. The top
plate was recently modified by covering the wires with 2-inch hexagonal
wire netting to enhance high-frequency performance.

A perforated aluminum sheet ground plane covers the entire
ground level beneath the wire structure from the pulser apex to the

termination apex. The transmission line impedance is approximately
95 ohms.
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Pulser

The high-voltage electromagnetic pulse is produced by discharging
a graded capacitor stack into a short 41 ohm coaxial transmission line
(the peaking capacitor concept) and by discharging the series combination
into a transition structure that mates with the ground plane and parallel
wire top plate of the array. The 41 ohm coaxial line provides for the

-initial nanoseconds risetimes of the wave while the graded capacitor stack

provides the large amount of energy in the remaining portion of the wave.

The pulse launching system in energized by a 2.2 MV Van de Graaff generator
prior to discharge. This sy stem can generate an electromagnetic pulse
having a risetime from 1 to 10 ns, depending on pulser charge level. The
minimum effective charge on the generator is 100 kV. When the g_enerator

is charged to 2.23 MV, the stored energy is 1,8 kJ,

The input transition allows {ie pulse to be launched into the
transmission line without arcing or corona. This transition has a conical
simulatingoil-filled section, a matching conical 1 atmosphere sulphur
hexafluoride filled section, a ground plane top plate electrode, a connecting
segment, and a capacitor E-field monitoring sensor,

The facility includes a 50-kV repetitive pulser which produces
lower field strengths with repetition rates of up to 60 pulses per second.
The RPG-2 system can also be operated in single shot mode.

The facility is undergoing modification for continuous wave(CW)
testing. A 400-watt, 250-MHz CW system has been installed.
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Termination

As a part of the CW modifications, a new terminator has
been designed and installed. It consists of five parallel strings of resistors.
‘Each string consists of seven resistors. A combination of wire~wound and
carborundum resistors is used to provide optimum resistance and inductance
values.

Instrumentation

The instrumentation system is housed beneath the working
volume in an area approximately 43 feet x 60 feet. A portion of this
space is contained within a screen room which provides isolation from
external EM fields. The instrumentation rcoms are connected to a 120 foot
tunnel extending under the launching transition section ‘v permit installa-
tion of enivronment monitoring sensors in the launch i{ransition area.

The instrumentation equipment provided at the ALECS facility
consists of a 10-channel microwave data acquisition system, a single
channel microwave data acquisition system, a hardwire data system, ,
trace recording system and attendant checkout and monitoring equipment.
Most of these systems are housed in the double-walled screen room which
affords 120 dB attenuation of the E and H waves.

Gantry Crane

A 42-foot high, 15-ton, pantry crane is provided for trans-
portation and positioning of the test items. The maximum height of the base
of the hook above the ground plane is 37 feet. The distance between the
gantry legs is 34 feet.
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3.2.2.2 Electromagnetic Characteristics

Low-voltage field measurements have shown the simulator
performance to be as expected with a field distribution plot similar to that
shown earlier for ARES. The measurements showed the simulator to be
capable of propagating a vertically-polarized pulse with a risetime of
less than 0.5 nanoseconds. Reflections and diffractions from the top
plate were found to agree in terms of arrival times and amplitudes with
theoretical predictions. Measurements of the E-field and B-field on the
ground plane at the leading edge of the working volume confirmed the
expected E/B ratio equal to the speed of light. The predicted r'1 fall-off
in initial pulse amplitude (r equal to distance from input apex) was also
confirined.

The fields present in the facility for an actual test must be

| scaled to the actual input pulse characteristics. The magnitude of the
electric field in this facility is approximately the capacitor charge veltage
divided by the spacing (d) between the plates. The actual electric field in
the working volume is only about 70 - 80% of the calculated value, possibly
due to the back radiation, the expansion of the wave, and reflection at the

j generator. A typical E V(t) oscillograph is shown in Figure 3.10. It should

be noted that E/H = 120 7 (E/B = ¢) until reflection or diffraction occurs.
Measured H-fields in this facility are nearly identical to the E-field in
ghape. A Fourier transform of B (t) in the working volume is presented

in Figure 3.11.

,’r- T T

3-19

caion . sl i oo

Lrnsn-;..m aabue




- - e v et = = p v hr A e e ety ErATR . RRE s o e - ———mm . S

7 T T
-
1

| L 1

1.2 1.4 1.6;10-‘

Figure 3.10 E(t) In The Working Volume At The ALECS Facility
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Figure 3.11 Fourier Transform of B(t) in ALECS Working Volume
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3.2.2.3 Administrative Data

The ALECS facility is operated by the Air Force Weapons
Laboratory (AFWL). The AFWL Project Officer is:

Major Bruce Sanderson

- AFWL/ELT
Kirtland AFB, New Mexico 87114
Telephone: 505-247~1711, extension 2896

A scale model of a B-1 airplane will be tested in the facility
during 1974. Rental costs for the facility run approximately $15, 000
per month based on a standard 5-day-week, single-shift schedule.
This includes a basic simulator operation and maintenance crew. The
above estimate is based on past test programs. The user would pay all
costs actually incurred during the test. Further detalls concerning
simulator scheduling should be obtained by contacting AFWL/ELT.

3.2.2.4 Referencg Information

More detailing information concerning the design and
operation of the ALECS facility can be obtained from the following sources:

AT o &
— ALECS E

available from AFWL/ELT).

MP Stmulation Facility” (brochure

o "ALECS I Special Report on Field Measurements",
EG&G Report AL-186, December 1967.
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° "EMP Simulation Facilities for Aeronautical Systems
EMP Program", June 1972 (avallable from AFWL).

° "Electromagnetic Pulse Handbook for Missiles
and Aircraft in Flight', SC-M-710346, September 1971,
Sandia Laboratories.

3.2.3 TRESTLE Facility

The TRESTLE concept was developed to eliminate the serious
limitations of ground-based testing of airplanes. Interaction of the conducting
ground with the EM wave causes unwanted effects which make simulation of
in-flight conditions difficult. Basically, a large dielectric support platform
will be used to remove the airplane from the vicinity of the earth. The
structure will resemble a very large railroad trestle (hence the name).

The facility is now being designed and constructed by McDonnell-Douglas
for the AFWL.

3.2.3.1 System Description

The TRESTLE facility will be located on Kirtland AFB 4
near the ARES and HPD facilities (see Figure 3.12). An artist's conception
of the TRESTLE facility during airplane testing is shown in Figure 3. 13. ‘:

Antenna i

Two antenna systems will be built: one for vertical polarization
of the E~field and the other for horizontal polarization of the E-field
(see Figure 3.13). With the dual simulator concept, two airplanes can be
tested simuitaneously,
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Figure 3.12 TRESTLE Facility Location

Basically, the antenna will consist of a diverging trans~
mission line from the pulse generator(s) to the working volume. Here
the transmission line will be of the parallel-plate type to provide an
essentially TEM wave within the working volume. From the working
volume, the transmission line converges to the termination.

Figures 3.14 and 3.15 illustrate the dimensions of the two
simulators. The working volumes of both simulators are 75,7 meters
in diameter.
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" . of small pulse units. One of these units, utilizing a Marx Generator and

- two pulsers supply a potential between the wedge and the parallel wires of

—— ——— - . —

Pulser -

The pulse generator for TRESTLE will consist of a number
a peaking capacitor, is shown in Figure 3.16. For the horizontally

polarized simulator, four such pulsers are used. On either side of the
metal wedge at the input end of the horizontal simulator (Figure 3.13), t

OUTPUT TRANSITION

MODULE POWER TRIGGER
SYSTEMS CONTROL AND
DIAGNOITIC SYSTEMS

/ N\ JAAX GENERATOR

]
|
GAS ENCLOSURE i

* PEAKING CAPACITOR ASSEMBLIES

\ OUTPUT SWITCH

T AT TR ST

Figure 3.16 TRESTLE Pulse Module
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the antenna. The field from the two sides of the input section add
together in the working volume to give the total voltage between the
parallel wire plates. The vertically polarized field simulator utilizes

. oty one pulser.

Terminator

A solid resistor terminator design similar to that installed
in ALECS will be used in the TRESTLE facility. The elevated terminator
for the horizontal simulator has been designed to allow rapid transit of
test objects along the taxiway.

3.2.3.2 Electromagnetic Characteristics

Figure 3.17 shows the time domain output specifications for
one pulser. The general pulse shape is a double exponential with a 500 ns
decay time and a 10 ns risetime. The frequency domain plot for this pulse
is shown in Figure 3.18. The general waveform is given by:

\'

~ o m
v = 2mif + B8
where: gl - 500 nsec, and

Vm is the pulser charge voltage.

Since TRESTLE is not yet operational, the exact waveshape
which will be present in the working volume is not yet known. The design
goals for working volume fields are listed in Table 3-1; the simulator's
actual perfermance should be similar.
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Figure 3.17 General Shape of Time Domain Voltage Waveform
Produced by Pulse in Test Fixture
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Figure 3.18 General Shape of Frequency Domain Voltage Waveform
Produced by Pulser in Test Fixture
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TABLE 3-1

Appraximate TRESTLE Working Volume Field Characteristics

1. Ideal Wave Shape

2. Maximum Peak
Amplitude (Ep)

3. Wave Risetime(T r)

4. Decay Time Constant(T d)

5. Electric Field Polarization

6. Waveform Distortion

7. Freguency Distribution

8. Prepulse

Double exponential

Vertical Simulator

Horizontal Simulator 100 kV/m

50 kV/m
10-90% <20 nsec
= 500 nsec

Horizontal and Vertical in
Separate Systems

See Figure 3.17

See Figure 3.18

The amplitude of the prepulse shall not
exceed 20% of the peak amplitude ( Ep.
The duration of the prepulse shall not
exceed 100 nsec.
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9. Reflections The amplitude of termination reflections
shall not exceed 10% of the peak amplitude

li:p at any time.

! 10. Field Non-Uniformity The field non-uniformity shall not exceed 20%

11. Wave Front Distortion ‘The wave front distortion shall not
' exceed 10 nsec.

12. Waveshape Deviation The waveshape deviation shall not exceed +10%

3.2.3.3 Administrative Data

TRESTLE is being built and will be operated by the Air Force
Weapons Laboratory (AFWL). The AFWL Project Officer is:

Major Walter L. Futch

AFWL/ELS

Kirtland Air Force Base, New Mexico 87114
Telephone : 505-247-1